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INTRODUCTION. 

The  purpose  of  this  undertaking,  as  the  title  indicates, 

was  to  examine  zinc  flue  dusts  for  some  of  the  rare  elements.  The 

materials  for  this  investigation  were  taken  from  different  parts 

of  the  process  of  zinc  smelting  and  from  different  ores.  Various 

investigators  have  examined  ores,  residues,  flue  dusts,  and  the 

commercial  zinc  for  rare  elements,  and  many  of  these  elements  have 

been  found  in  this  manner.    Thus,  indium  was  discovered  by  Reich 
1 

and  Richter    in  Freiberg  zinc  in  1863  by  means  of  its  spectrum 

lines;  gallium  was  similarly  discovered  in  zinc  blende  from  a 
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Pyrenees  ore  by  Lecoq  de  Boisbaudran    in  1865;  and  germanium  was 

3 

found  in  a  large  number  of  American  residues  and  ores  by  Buchanan. 
It  would  thus  seem  that  these  elements  might  occur  in  the  flue 
dusts,  especially  since  at  some  stages  of  the  process  zinc  was 
removed  in  large  quantities,  and  the  impurities  left  behind. 
Furthermore,  if  the  rare  elements  were  present  in  the  ore,  they 
must  be  present  in  either  the  metallic  zinc,  the  blue  powder,  the 
flue  dusts,  or  the  residues.    The  basis  for  this  research,  therefore, 
was  that  upon  removing  zinc  from  the  ore,  the  rare  elements  that 
were  present  would  be  concentrated  and  more  easily  detected.  Upon 
the  other  hand,  in  some  cases  the  more  volatile  constituents  of  the 
ore  would  be  driven  off,  and  these  would  condense  in  the  dust  in  a 
more  concentrated  form.     Therefore,  it  would  be  necessary  to  examine 
various  samples  for  these  elements  in  order  to  be  certain  of  their 
presence  or  absence. 
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PAR?  I. 
THEORETICAL  DISCUSSION. 
PBQPEBIJSfBS  0^  THE  ELEMENTS  SOUGHT. 
SELENIUM. 

The  elements  chiefly  sought  wore  selenium,  tellurium, 

germanium,  indium,  gallium,  and  oadmium.     Selenium  and  tellurium 

are  very  muoh  like  sulphur  in  some  of  their  properties  and  one 

might,  therefore,  expect  them  to  accompany  sulphide  ores.  These 

elements  resemble  each  other  even  more  closely  than  they  do  sulphur. 

Selenium  was  discovered  in  1817  by  Berzelius  in  flue  dust  from  lead 
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chambers  in  a  sulphuric  acid  plant.     The  allotropic  modifications 
of  selenium,  like  those  of  sulphur,  are  well  known.  Amorphous 
selenium  is  a  reddish  brown  powder  which  is  soluble  in  carbon 
disulphide.     Crystalline  selenium  possesses  a  metallic  luster, 
conducts  electricity,  and  is  insoluble  in  carbon  disulphide.  The 

electrical  conductivity  of  selenium  is  an  interesting  phenomenon 
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since  its  resistance  diminishes  uoon  exposure  to  light.  Metallic 

selenium  melts  at  217°,  boils  at  680°,  and  has  a  specific  gravity 

6 

of  4.8.  TELLURIUL1. 

Tellurium  occurs  native,  but  it  is  more  commonly  combined 
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with  lead,  bismuth,  <?old,  or  silver.     It  is  a  brittle,  silver  white 

8 

metal  which  melts  at  452°  and  boils  at  1400°.     Tellurium,  like 

sulohur  and  selenium,  has  a  very  deleterious  effect  uoon  copper 

and  gold.     Like  selenium  it  may  be  orecipitated  from  dilute  acid 

9 

solutions  by  sulphur  dioxide. 
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GERMANIUM. 

Germanium  is  a  metal  which  is  stable  in  air  and  water. 

10 

In  an  atmosphere  of  hydrogen  or  nitrogen  it  volatilizes  at  1350°, 

but  when  heated  in  air  the  higher  oxide,  GeOg,  is  formed.  This 

oxide  is  not  very  soluble  in  water  or  acids.    With  hydrogen  sulphide 

it  gives  a  white  precipitate  in  acid  solution.    ?his  sulphide  has 

the  unusual  property  of  being  more  soluble  in  water  than  in  acids. 

It  is  soluble  in  ammonium  sulphide  and  is  reprecipitated  by  acids. 

Germanium  is  replaced  from  solutions  of  its  salts  by  zinc,  being 

11  12 
precipitated  as  a  dark  brown  slime.      Germanium  melts  at  958°. 

GALLIUM. 

Gallium  is  a  very  rare  element  which  is  found  in  zinc 

13 

blendes  from  Asturias,  Spain;  Bensberg  on  the  Rhine;  and  ?ulwood. 

Even  in  the  presence  of  large  amounts  of  other  elements,  it  is 

easily  detected  by  means  of  its  spectrum  lines.     Jhese  are  tvo 
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violet  lines  of  a  wave  length  of  4172  and  4033.      Gallium  is  a 

hard  but  malleable  metal  which  melts  at  30°  but  is  not  volatile  at 

red  heat.     It  forms  two  classes  of  compounds,  bivalent  and  trivalent. 

?he  sulphates  are  much  like  iron  sulphates  in  their  behavior  towards 

oxidizing  and  reducing  agents,  and  both  the  sulphates  and  the 
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nitrates  are  soluble  in  hot  water.      These  are  colorless  salts  as 
are  nearly  all  gallium  salts.    Gallium  Ls  precipitated  from  its 
solutions  by  ammonium  hydroxide  as  a  white  preciDitate  which  is 
soluble  in  excess,  but  which  is  reprecipitated  in  a  supersaturated 
solution  of  ammonia.    Alkali  carbonates  give  white  precipitates, 
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while  barium  carbonate  precipitates  a  basic  salt  in  a  cold  solution 
Hydrogen  sulphide  gixres  a  precipitate  in  acetic  acid  solution.  A 
white  precipitate,  which  is  more  soluble  in  water  than  in  concen- 
trated hydrochloric  acid,  is  formed  by  potassium  f errocyanide,  but 

16 

all  nitrates  must  be  removed  before  such  a  test  is  applied. 

INDIUM. 

The  properties  of  indium  and  the  indium  compounds  are,  in 

some  respects,  much  like  those  of  gallium.     Indium  is  most  easily 
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identified  by  means  of  its  spectrum  lines,     one  of  which  approaches 

the  potassium  line,  the  other  aiooroaching  the  caesium  lines.     It  is 

a  white,  lustrous,  polishable,  ductile  metal  which  looks  like 

platinum.    Most  of  the  indium  salts  are  colorless  and  react  like 
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trivalent  iron  and  aluminium  salts.      Indium  hydroxide  is  precip- 
itated by  alkali,  is  soluble  in  excess,  but  is  reprecipitated  upon 
boiling  in  the  presence  of  ammonium  chloride.     Hydrogen  sulphide 
gives  a  yellow  precipitate  in  neutral  and  acetate  solutions,  but 
a  white  precipitate  in  alkaline  solutions.    Alkali  carbonates  form 
indium  carbonate  which  is  soluble  until  boiled  with  ammonium 

carbonate.     Indium  ions  may  be  separated  from  cobalt,  nickel,  zinc, 
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manganese,  and  iron  ions  by  precipitation  with  barium  carbonate. 

An  oxide  is  formed  when  the  metal  is  burned  in  air,  especially 

20 

above  the  melting  point,  155°. 

CADMIUM. 

Cadmium  is  almost  always  found  associated  with  zinc.  Its 
similarity  to  zinc  makes  it  difficult  to  separate  these  metals,  and 
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therefore  cadmium  is  a  nuisance  in  making  pure  zinc.  Metallic 

cadmium  is  lustrous,  not  very  hard,  fuses  at  315°,  and  boils  at 

770°.    Cadmium  salts  are  mostly  colorless,  although  the  sulphide 

is  yellow.    The  chloride,  nitrate,  and  sulphate  are  all  soluble  in 
El 

water. 

2S 

DESCRIPTION  OP  ZINC  SMELTING. 

"The  theory  of  zinc  smelting  is  simple  in  principle,  but 

complicated  in  practice.     It  depends  upon  the  reducibility  of  zinc 

oxide  by  carbon,  or  carbon  monoxide,  or  both.    Consequently  zinc 

sulohide — blende —  must  first  be  roasted  to  obtain  the  oxide.  Zinc 

S3 

silicate  (ZnO,Si02)  is  reducible  directly  by  carbon."      There  are 
three  systems  of  sine  smelting,  the  Belgian,  which  is  the  more 
common  American  practice,  the  Silesian,  and  the  Rhenish.  The 
differences  are  in  the  construction  of  the  retorts  and  furnaces. 
Small  cylindrical  retorts  arranged  in  several  tiers,  each  slightly 
inclined,  are  used  in  the  Belgian  type,  while  muffle  shaped  retorts, 
which  are  set  in  one  tier,  are  used  in  the  Silesian  process.  The 
Rhenish  is  a  combination  of  these  two  orocesses. 

The  ore  is  placed  in  a  roasting  furnace,  heated,  and  the 
oxide  formed.     This  furnace  is  generally  of  the  Hegeler  type,  but 
the  MacDougal  type  is  also  frequently  used.     In  both  types  the  ore 
is  raked  over  several  floors  and  roasted  on  each  floor  at  an 
increasing  temperature  as  the  ore  drops  from  floor  to  floor.  The 

cold  ore    is  put  in  at  the  top,  and  the  hot  roasted  material  comes 

24 

out  at  the  bottom.      Sulphur  dioxide,  which  is  used  for  making 




(5) 

sulphuric  acid,  escapes  at  the  top  and  is  one  of  the  chief  sources 
of  this  gas.    The  roasted  ore  is  cooled,  screened,  mixed  with  50$ 
of  its  weight  in  fine  coal,  and  charged  into  retorts.  These 
retorts  are  4-5  feet  long  and  8-10  inches  in  diameter.     The  charge 
is  heated  in  these  retorts  by  producer  gas,  natural  gas,  coal,  or 
other  cheap  fuel  burned  in  a  recuperative  furnace.    An  appreciable 
amount  of  rapor  and  dust  is  present  in  the  gases  which  heat  the 
retorts,  and  this  dust  is  collected  in  one  of  the  recuperative 
chambers  after  its  first  pass  through  the  furnace.    The  molten 
zinc  is  collected  in  cone-shaped,  clay  condensers  which  are  placed 
outside  the  furnace  at  the  mouth  of  each  retort.     If  it  is  desired 
to  collect  blue  or  prolong  nowder,  a  prolong  or  metallic  cylinder 
is  placed  on  the  outer  end  of  the  condenser.    This  rapidly  cools 
the  vapor  and  forms  the  crystalline  or  powdered  zinc. 

The  oxide  begins  to  be  reduced  at  1125°,  but  care  must  be 
exercised  concerning  the  carbon  dioxide  content.    About  1500°  and 
.76/o  of  carbon  dioxide  are  the  limitations  of  the  zinc  smelting 
furnace.    The  boiling  point  of  zinc  is  925°,  and  any  zinc  which  has 
been  reduced  appears  as  vapor.    The  pressure  of  this  vapor  forces 
some  of  itself  into  the  condensing  tubes  if  the  charge  is  heated  in 
a  retort  connected  with  a  condenser.    Therefore  the  process  is  a 
simple  distillation  of  a  low  boiling  metal.     If  the  condensing  tube 
is  below  415°,  as  at  the  beginning  of  the  process,  solid  zinc  is 
condensed  in  a  finely  divided  form,  which  is  known  as  blue  powder 
or  zinc  dust.    With  an  increase  in  temperature  the  speed  of  reaction 
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rapidly  increases,  but  above  1200°  complications,  such  as  the 
distillation  of  lead,  set  in  and  make  it  advisable  to  operate 
below  1250°.    Owing  to  the  increased  yield,  however,  commercial 
practise  operates  between  1250°  and  1350°. 

SOURCE  OF  MATERIALS. 

The  materials  used  were  obtained  from  the  Hegeler  Zinc 
company,  Danville,  Illinois;  and  the  Mineral  Point  Zinc  Company, 
Depuef  Illinois.    The  Hegeler  samples  were  from  Joplin  ore  which 
had  been  concentrated.     It  was  thought  that  the  concentration 
process  would  also  serve  to  concentrate  the  sulphides  of  gallium, 
indium,  and  germanium.     These  concentrates  are  very  pure,  however, 
and  contain  but  little  of  even  the  more  common  elements.  The 
Mineral  Point  samples  from  Illinois  and  Wisconsin  blendes  were 
more  impure  and  at  first  gave  promising  results.    In  all,  seven 
samples  were  used  for  the  qualitative  examination.    A  quantitative 
determination  was  made  for  cadmium  in  the  richest  of  these,  the 
Hegeler  blue  powder.     These  samples  were  taken  from  the  following 
sources.    The  first  and  second  samples  came  from  prolongs,  the 
third  from  zinc  oxide  spelter  residues,  the  fourth  from  the  blende 
roaster,  the  fifth  from  the  top  of  the  retorts,  the  sixth  from  a 
dust  chamber  placed  after  the  series  of  retorts,  the  seventh  from 
the  Joplin  concentrated  ore. 

It  was  deemed  advisable  to  investigate  samples  from  such 
a  large  number  of  sources  for  the  following  reasons.  Judging  from 
the  melting  point,  boiling  point,  and  other  properties  of  the 
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elements  sought,  it  will  "be  seen  that  during  the  smelting  operation 

there  are  certain  critical  points  at  which  these  elements  ought  to 

be  volatilized  or  left  in  the  residues,    Thus  cadmium,  selenium, 

and  tellurium  would  boil  over  and  condense  with  the  zinc  since  they 

either  boil  or  are  very  volatile  at  the  temperature  at  which  zinc 

is  smelted.     Germanium,  on  the  other  hand,  forms  an  oxide  which  is 

not  readily  reduced  and  which  is  not  volatile;     therefore  this 

element  remains  in  the  retort  or  other  residues. 

GENERAL  METHODS  OP  ANALYSIS. 

The  general  method  used  for  the  analysis  was  to  dissolve 

the  material  in  hydrochloric  and  nitric  acids,  and  to  separate  the 

elements  into  their  qualitative  groups,  according  to  the  method  of 
25 

A.  A.  Noyes.      The  second  group  was  examined  for  mercury,  lead, 
bismuth,  copper,  cadmium,  arsenic,  selenium,  tellurium,  antimony, 
and  tin.  ammonium  sulphide  precipitate  for  the  third  group  was 

dissolved  in  hydrochloric  acid  and  in  some  cases  evaporated  to  a 
small  volume  and  spectrum  tests  applied  for  gallium  and  indium, 
while  in  other  cases  it  was  diluted  to  a  large  volume  and  fraction- 
ally precipitated  by  ammonium  hydroxide;  the  fractions  dissolved  in 
hydrochloric  acid  and  spectrum  tests  applied  to  the  fractions.  A 
number  of  the  samples  were  further  analyzed  to  determine  the  kinds 
of  the  more  common  ions  present,  but  in  all  cases  in  which  large 
samples  were  used,  the  large  amount  of  zinc  ions  interfered  with 
'the  complete  analysis  except  in  a  qualitative  manner. 

Since  germanium  does  not  have  a  characteristic  flame 
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spectrum  and  was  not  identified  in  the  preceding  analysis,  it  was 

necessary  to  test  for  this  element  in  the  presence  of  the  other 

26 

elements  "by  a  modified  Buchanan  method.      This  method  takes  advan- 
tage of  the  fact  that  germanium  chloride  will  distil  with  steam 
from  a  boiling  solution  and  will  remain  in  solution  upon  condensing 
the  steam.    A  stream  of  chlorine  is  usually  employed  to  keep  the 
arsenic  ion  oxidized  since  in  this  state  it  will  not  distil.  Since 
the  solution  contains  an  excess  of  hydrochloric  acid,  it  is  easier 
to  generate  the  chlorine  in  the  same  flask  by  using  manganese 
dioxide. 

APPARATUS. 

The  apparatus  used  was  that  commonly  used  for  qualitative 
analysis  except  for  an  aid  in  filtration.     In  working  with  the 
large  volumes  resulting  from  dilution  of  the  third  group,  it  was 
necessary  to  collect  the  precipitate  of  two  or  three  grams  of 
material  upon  a  small  filter  in  order  to  minimize  losses.  The 
filtration,  therefore,  took  a  long  time  and  in  order  to  save  this 
the  author  designed  a  very  helpful  aid.    A  siphon  was  made  with  a 
two  way  stopcock  on  one  end.    This  regulated  the  flow  into  a  Buchner 
funnel,  and  after  a  little  experience,  could  be  left  for  several 
hours,  during  which  time  other  work  could  be  done. 
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PART  II. 
EXPERIMENTAL  PROCEDURE. 
QUALITATIVE  ANALYSIS. 
SAMPLE  NUMBER  ONE. 
The  first  sample  analyzed  was  from  Hegeler  prolongs.  A 
2  gram  sample  of  the  finely  divided  powder  was  Dartially  dissolved 
in  30  o.c.  dilute  nitric  acid  and  evaporated  to  dryness  in  a  small 
porcelain  dish.    A  residue  of  coal  and  organic  matter,  which  was 
left  in  the  dilute  nitric  acid,  became  charred  and  oxidized  uoon 
evaporation.     This  residue  was  powdered  by  using  a  glass  rod,  dis- 
solved in  15  c.c.  dilute  nitric  acid  and  20  c.c.  of  water,  heated 
to  boiling,  filtered,  and  the  residue  of  carbon  was  washed  with 
water.    The  first  group  was  shown  to  be  absent  by  the  failure  of  a 
precipitate  to  form  upon  the  addition  of  .5  c.c.  of  concentrated 
hydrochloric  acid  to  the  filtrate.     The  solution  was  next  evaporated 
to  dryness,  and  hydrochloric  acid  added  in  order  to  remove  the  nitric 
acid  which  would  otherwise  oxidize  hydrogen  sulphide  in  the  precip- 
itation of  the  second  group.    The  residue  of  chlorides  was  heated 
and  dissolved  in  4  c.c.  dilute  hydrochloric  acid  and  20  c.c.  of 
water.     The  solution  was  diluted  with  20  c.c.  more  water  after 
boiling. 

Hydrogen  sulphide  was  passed  into  the  hot  solution  for 
15  minutes.    A  yellow  precipitate  formed  towards  the  end  of  this 
oeriod,  but  the  precipitate  of  sulphides  became  green  upon  diluting 
with  60  c.c.  of  cold  water  and  passing  in  more  hydrogen  sulphide. 
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After  hydrogen  sulphide  had  been  passed  into  the  solution  under  a 
slight  pressure  for  an  hour,  the  solution  was  filtered,  and  the 
orecipitate  washed  with  hot  water.     The  filtrate  was  neutralized 
with  an  excess  of  ammonium  hydroxide  after  the  hydrogen  sulphide 
had  been  boiled  out.    A  white  precipitate  formed,  and  this  and  the 
solution  were  treated  with  hydrogen  sulphide  in  order  to  precipitate 
the  third  group. 

The  sulphides,  which  had  precipitated  in  acid  solution, 
were  treated  with  10  c.c.  of  ammonium  polysulohide  and  heated  on 
the  steam  bath.    Apparently  none  of  the  sulphides  went  into  solution 
and  this  was  confirmed  upon  further  analysis.    The  undissolved 
portion  was  filtered  from  the  solution  and  dissolved  in  hot  but  very 
dilute  nitric  acid.     The  solution  of  nitrates  was  evaporated  with 
3  c.c.  of  concentrated  sulphuric  aoid  until  white  fumes  were  evolved. 
A  fine  white  orecipitate  formed,  and  this  was  collected  in  a  beaker 
which  contained  15  c.c.  of  water,  cooled,  and  filtered.     The  presence 
of  lead  was  confirmed  by  dissolving  the  lead  sulphate  in  ammonium 
acetate  and  precipitating  with  potassium  dichromate  after  acetic 
acid  had  been  added  to  the  solution.    An  estimate  of  ,Zf0  of  lead  in 
the  blue  powder  was  made  from  the  size  of  these  precipitates  by  a 
comparison  with  a  known  weight  of  lead  sulphate.    The  solution  of 
nitrates  was  neutralized  with  an  excess  of  ammonium  hydroxide  in 
order  to  detect  bismuth  and  copper.    As  neither  of  these  elements 
were  present,  the  solution  was  made  acid  with  dilute  sulphuric  acid, 
and  the  cadmium  sulphide  precipitated  by  hydrogen  sulphide. 
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The  absence  of  the  arsenic  group  and  selenium  and  tellur- 
ium, which  are  members  of  this  group,  was  shown  by  making  the 
ammonium  polysulphide  solution  acid  with  hydrochloric  acid,  and 
filtering  off  the  small,  white,  oily  precipitate.    This  precipitate 
was  insoluble  even  in  concentrated  hydrochloric  acid  and  potassium 
chlorate,  and  it  was  probably  nothing  but  the  sulphur  precipitated 
from  ammonium  sulphide.     It  agreed  in  color  and  solubility  tests 
with  the  precipitate  obtained  from  ammonium  sulphide  alone. 

The  third  group  precipitate  of  hydroxides  and  sulphides 
was  dissolved  in  hot,  dilute  hydrochloric  acid  (2  normal),  and  the 
solution  evaporated  to  3-5  c.c.    A  clean,  hot  platinum  wire  was 
dipped  into  this  concentrated  solution  and  put  into  a  Bunsen  flame 
before  a  spectroscope,    neither  the  gallium  nor  indium  lines  could 
be  detected.    The  region  in  which  to  look  for  these  occurs  near  the 
lines  for  caesium  and  potassium  salts,  and  it  was  located  by  them 
since  indium  and  gallium  salts  could  not  be  obtained  for  this  work. 
These  elements  were  thus  shown  to  be  absent  since  this  was  a  very 
delicate  test  for  them  and  the  solution  was  very  concentrated.  The 
solution  was  diluted  with  water,  neutralized  with  an  excess  of 
sodium  hydroxide,  and  4  grams  of  sodium  peroxide  added  in  small 
portions.    A  white  residue  remained  even  after  boiling.    A  portion 
of  this  hydroxide  residue  gave  tests  for  zinc,  but  it  was  insoluble 
in  dilute  sodium  hydroxide  and  ammonium  hydroxide  in  spite  of  this 
fact.    The  solution  was  filtered  and  made  acid  with  nitric  acid,  and 
alkaline  with  ammonium  hydroxide  in  a  large  excess.    A  cloudy 
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oreoioitate  remained,  but  it  gave  a  green  instead  of  blue  residue 
when  it  was  evaporated  with  oobalt  nitrate.    This  showed  it  to  be 
zinc  rather  than  aluminium.    The  solution  was  made  acid  with  acetic 
acid.    Hydrogen  sulphide  precipitated  zinc  sulphide  in  very  large 
quantities.     The  iron  group  was  absent. 

Because  of  the  very  unsatisfactory  separation  of  the  zinc 
and  iron  groups,  it  was  deemed  advisable  to  repeat  the  analysis  of 
this  group.     Three  attempts,  using  1  gram,  10  gram,  and  200  gram 
samples,  resulted  in  the  same  incomplete  separation  of  the  two 
groups.     In  the  10  gram  and  200  gram  samples,  small  traces  of  iron 
were  found,  but  these  could  not  be  confirmed  in  the  original  sample 
and  were  probably  from  the  hood  used  in  evaporation  of  the  larger 
samples  but  not  for  the  smaller  ones. 

SAMPLE  NUMBER  TWO. 

The  second  sample  was  also  a  prolong  blue  powder,  but  it 

came  from  the  Mineral  Point  2inc  Company.     The  procedure  for  the 

preparation  of  the  solution  and  for  the  analysis  was  the  same  as 

for  the  first  sample.    The  same  difficulties  were  experienced  in 

the  separation  of  the  iron  and  zinc  groups.     In  this  sample,  there 

was  a  slightly  smaller  amount  of  lead  and  cadmium  than  in  the 

Hegeler  blue  oowder,  but  iron  in  very  small  quantities  was  also 

present.     The  presence  of  iron  in  the  original  sample  was  shown  by 

dissolving  the  sample  in  hydrochloric  acid  and  adding  ammonium 
thiocyanide  which  gave  a  faint  oink  coloration.     Otherwise  the 

content  of  the  blue  powder  was  the  same  as  for  the  Hegeler  oowder. 
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FURTHER  EXAMINATION  OF  HEOELER  PROLONG  POWDER. 

In  order  to  make  oertain  of  the  absence  of  the  rare 
elements,  indium  and  gallium,  a  600  gram  sample  was  treated  with 
1800  c«c.  of  concentrated  hydrochloric  acid,  and  then  diluted  with 
7E00  o.c.  of  water.    The  cool  solution  and  residue  were  heated  to 
boiling,  neutralized  with  dilute  ammonium  hydroxide,  and  dilute 
hydrochloric  acid  added  until  methyl  violet  indicator  became  blue 
green.    Hydrogen  sulphide  gave  a  yellow  precipitate  which  was 
filtered  off  by  means  of  the  special  siphon  described  in  the 
introduction,  (^age  8.)  The  filtrate  was  boiled  and  evaporated  to 
about  7000  o.c,  neutralized  with  ammonium  hydroxide  and  150  c.c. 
hydrochloric  acid  added.    Hydrogen  sulphide  was  passed  into  the 
solution  for  14  hours,  and  a  precipitate  of  cadmium  sulphide  formed 
This  was  filtered  off,  and  the  resulting  solution  was  boiled  to 
remove  the  hydrogen  sulphide.    About  600  c.c.  of  very  dilute 
ammonium  hydroxide  was  added,  and  the  white  precipitate  filtered 
and  washed.     In  all,  12  fractions  were  thus  precipitated,  filtered, 
and  washed.    Each  of  these  wa3  dissolved  in  concentrated  hydrochlor 
ic  acid  and  partially  evaporated  to  remove  the  excess  acid.  The 
first  six  fractions  contained  iron,  but  the  remainder  did  not. 
Each  of  these  fractions  was  examined  in  the  flame  snectrura,  but 
neither  gallium  nor  indium  lines  could  be  detected. 

SAMPLE  NUMBER  THREE. 

The  third  sample  was  principally  zinc  oxide  from  the 
Mineral  Point  Zinc  Company's  snelter  (molten  zinc)  residues.  This 
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was  one  of  the  most  interesting  samples  analyzed  because  of  the 
large  number  of  elements  which  had  collected  in  the  residue  in 
small  quantities.    This  was  also  an  evidence  as  to  the  correctness 
of  the  assumption  that  imourities  in  the  zinc  ore  would  be  concen- 
trated in  the  residues  since  few  of  the  elements  found  in  this 
residue  were  found  in  the  blue  powder,  which  is  solid  zinc  that 
crystallizes  from  the  vapor  and  which  has  a  composition  similar  to 
the  molten  zinc.    Therefore  when  the  zinc  was  separated  from  these 
residues  and  the  impurities  left  behind,  they  became  more  concen- 
trated.    This  oan  be  accounted  for  by  the  fact  that  such  a  large 
amount  of  zinc  is  driven  off  from  the  residues. 

A  2  gram  sample  of  the  finely  divided  white  powder  was 
weighed  and  put  in  a  porcelain  dish.     This  sample  was  moistened 
with  20  c.c.  of  water  and  10  o.c.  of  concentrated  nitric  acid  added. 
A  white  residue  was  left  upon  evaporation  of  this  acid.  This 
residue  was  boiled  with  15  c.c.  dilute  nitric  acid  and  filtered. 
A  white  precipitate,  which  wa3  entirely  soluble  in  hot  water,  was 
formed  upon  the  addition  of  5  c.c.  concentrated  hydrochloric  acid 
to  the  filtrate.     The  solution  of  the  water  soluble  precioitate  was 
shown  to  contain  lead  ions  by  preoipitation  with  sulphuric  acid, 
and  with  potassium  dichromate  in  acetic  acid  solution.  Potassium 
iodide,  added  to  the  sulphate  filtrate,  gave  no  precipitate  and 
thus  showed  the  absence  of  thallium  in  the  first  grouo.  After 
adding  10  c.c.  more  of  concentrated  hydrochloric  acid  to  the  aqua 
regia  filtrate,  the  solution  was  evaporated  to  dryness.     The  residue 
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was  dissolved  in  4  o.c.  dilute  hydrochloric  and  40  c.c.  of  hot 
water.    Hydrogen  sulphide  gave  a  black  precipitate  at  first,  but 
this  rapidly  changed  color,  going  through  maroon,  red,  and  orange 
red,  before  all  the  precipitate  was  formed.     This  indicated  the 
presence  of  lead,  since  lead  was  also  in  the  first  group,  and  of 
antimony.    After  cooling  the  solution  and  precipitate,  60  c.c.  of 
water  and  more  hydrogen  sulphide  were  added.     The  final  precioitate 
was  filtered  and  heated  with  10  c.c.  of  ammonium  polysulohide.  A 
black  precipitate  remained  after  filtration,  and  this  was  easily 
soluble  in  warm  but  very  dilute  nitric  acid.     The  presence  of  lead 
was  again  verified  by  precipitation  with  sulphuric  acid  and  with 
potassium  dichromate.    The  sulphate  solution  was  made  alkaline  with 
ammonium  hydroxide  and  filtered.    No  precipitate  was  apparent,  but 
tests  were  made  in  soite  of  this.     In  this  case,  sodium  stannite 
gave  a  black  coloration  on  the  filter  paper  and  showed  the  presence 
of  bismuth  very  definitely.    Neither  ammonium  hydroxide  or  potassium 
ferrocyanide  showed  copper  to  be  present,  but  potassium  ferrocyanide 
did  give  a  precipitate,  indicating  the  presence  of  cadmium.  The 
presence  of  cadmium  was  verified  by  acidifying  the  remaining  portion 
of  the  ammonium  hydroxide  solution  with  sulphuric  acid  and  passing 
in  hydrogen  sulphide,  which  gave  a  yellow  precioitate. 

The  ammonium  sulphide  filtrate  from  the  separation  of  the 
lead,  bismuth,  and  cadmium  was  made  acid  with  hydrochloric  acid;  the 
precipitate  filtered  and  treated  with  10  c.c.  concentrated  hydro- 
chloric acid  on  the  steam  bath.     The  undissolved  portion  was  filtered 
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off  and  dissolved  in  10  c.c.  dilute  hydrochloric  acid  uoon  warming 
and  adding  potassium  chlorate.    Arsenic  was  shown  to  be  present  "by 
making  the  solution  alkaline  with  ammonium  hydroxide,  adding  a 
little  magnesia  mixture,  filtering  the  precipitate,  and  reprecip- 
itating  arsenic  sulphide  from  a  hydrochloric  acid  solution  of  the 
arsenate  by  means  of  hydrogen  sulphide.    The  magnesia  mixture 
filtrate  was  made  acid  by  adding  one  third  the  volume  of  concen- 
trated hydrochloric  acid,  partially  evaporated,  diluted,  and  sodium 
sulphite  added.    Selenium  and  tellurium  were  absent.     The  first 
filtrate  of  sulphides,  soluble  in  hydrochloric  acid,  was  diluted 
to  40  c.c,  boiled,  and  hydrogen  sulphide  added.    An  orange  red 
precipitate  showed  the  presence  of  antimony.     This  was  verified  by 
dissolving  the  precipitate  in  hot  hydrochloric  acid  and  inserting 
a  piece  of  platinum,  covered  with  a  piece  of  tin,  into  the  solution. 
A  black  coating  was  formed  on  the  platinum.     The  hydrogen  sulphide 
filtrate  was  diluted,  and  more  of  the  gas  added,  but  tin  was  absent 
as  no  precipitate  could  be  obtained. 

The  filtrate  from  the  hydrogen  sulphide  precipitation  of 
the  second  group  was  boiled  and  made  alkaline  with  a  large  excess  of 
ammonium  hydroxide,  dissolving  most  of  the  precipitate  that  was 
formed.    This  excess  of  ammonia  was  removed  by  boiling  for  about 
10  minutes.     Hydrogen  sulphide  was  then  passed  into  the  mixture. 
A  gray  precipitate,  indicating  the  oresence  of  iron  and  zinc,  was 
formed.     A.  fairly  good  separation  of  the  zinc  and  iron  groups  was 
obtained  by  dissolving  this  precipitate  in  hydrochloric  acid. 
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removing  the  excess  acid  by  evaporation  and  dilution,  using  an 
excess  of  sodium  hydroxide  and  peroxide,  and  filtering  the  residue 
after  boiling  to  remove  the  excess  peroxide.     The  iron  group  was 
flesh  colored.    The  zinc  group  contained  only  zinc,  as  was  shown 
by  preexcitation  with  hydrogen  sulphide  after  the  successive 
addition  of  nitric  acid,  ammonium  hydroxide,  and  acetic  acid  to 
the  group  solution.     This  precipitate  of  zinc  sulphide  was  dissolved 
in  dilute  nitric  acid  and  evaporate  with  dilute  cobalt  nitrate.  A 
green  residue  was  left.     In  the  iron  subdivision  of  the  third  grouio 
iron  alone  was  present,  although  zinc  was  also  precipitated  in  this 
group  in  testing  for  nickel. 

Therefore  lead,  bismuth,  cadmium,  arsenic,  antimony, 
iron,  and  zinc  were  present  in  the  zinc  oxide  residue  which  was 
soluble  in  nitric  acid.     The  residue  which  was  insoluble  in  this 
acid  was  also  insoluble  in  hydrochloric  and  sulphuric  acids,  but 
it  was  soluble  in  dilute  sodium  hydroxide  after  being  boiled.  This 
residue  consisted  mainly  of  lead,  but  iron  and  a  trace  of  zinc  were 
also  present.     Judging  from  the  size  of  the  precipitates  formed,  it 
was  estimated  that  the  zinc  oxide  spelter  residue  contained  a  total 
of  5'fo  lead,  2;£  cad  niura,  .5  ■>  of  iron  and  arsenic,   .1^  of  antimony, 
and  a  trace  of  bismuth. 

SAMPLE  NUMBER  FOUR. 
The  fourth  sample  was  from  Mineral  Point  Zinc  Company's 
zinc  blende  roaster.     The  procedure  for  the  preparation  of  the 
solution  and  for  the  analysis  of  this  sample  was  similar  to  that 
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used  for  the  third  sample .    The  same  elements  were  found  as  in  the 
spelter  residue. 

FURTHER  ANALYSIS  OP  SAMPLES  NUMBER  THREE  AND  FOUR. 

In  order  to  make  certain  of  the  absence  of  gallium  and 
indium  in  the  third  and  fourth  samples,  E00  gram  portions  were 
partially  dissolved  in  concentrated  nitric  and  hydrochloric  acids 
and  evaporated  to  dryness.    The  residue  was  evaporated  with  more 
hydrochloric  acid  and  then  dissolved  in  hot  water  and  dilute  hydro- 
chloric acid.    Upon  cooling,  a  precipitate  of  lead  chloride  formed, 
and  this  was  filtered  off.    A  residue,  insoluble  in  these  acids,  was 
not  further  analyzed  because  it  could  not  contain  either  gallium  or 
indium,  and  had  already  been  analyzed  for  the  other  elements.  The 
second  group  metals  were  precipitated  by  hydrogen  sulphide,  and  an 
analysis  confirmed  the  presence  of  those  elements  found  in  the  first 
qualitative  analysis.    The  third  group  metals  were  precipitated  by 
hydrogen  sulphide  and  ammonium  hydroxide;  the  precipitate  filtered, 
and  then  dissolved  in  dilute  hydrochloric  acid  and  evaporated  to 
about  30  c.c.    Spectrum  tests  were  applied  to  this  concentrated 
solution,  but  no  characteristic  lines  for  gallium  or  indium  could 
be  observed. 

SAMPLE  NUMBER  FIVE  AND  SIX. 
Sample  number  five  from  the  top  of  zinc  retort  furnaces, 
and  sample  number  six  from  the  dust  chamber,  through  which  the  first 
pass  of  gases  went,  contained  a  large  amount  of  coal  dust,  iron,  and 
other  foreign  material.    They  were  both  largely  insoluble  in  concen- 
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trated  hydrochloric,  nitric,  and  sulphuric  acids,     therefore  an 
exact  qualitative  examination  was  not  made  for  other  than  the  rare 
elements.    This  analysis  was  carried  out  on  the  general  plan  given 
for  the  third  sample.    None  of  the  rare  elements  was  found  in 
either  of  these  samples. 

SAMPLE  NUMBER  SEVEN. 
Sample  number  seven  was  a  Joplin  concentrated  ore  used  by 
the  Hegeler  Zinc  Company.     It  was  soluble  in  nitric  acid,  but  some 
sulphur  was  left  after  evaporation  with  hydrochloric  acid.  The 
second  group  was  orecipitated  and  analyzed  by  the  same  procedure  as 
that  described  for  the  Hegeler  prolong,  sample  number  one.    A  trace 
of  lead  and  cadmium  were  present.    The  third  g-roup  precipitate  was 
dissolved  in  twice  normal  hydrochloric  acid.    The  solution  was 
oxidized  by  nitric  acid,  partially  evaporated,  and  spectrum  tests 
applied.    Sodium  hydroxide  was  added  in  excess  as  it  was  thought 
this  method  would  effect  a  comolete  solution  of  the  zinc  present, 
^'he  precipitate  was  filtered  and  washed  once  with  hot  water.  It 
was  pink  in  color.     It  was  dissolved  in  hydrochloric  acid,  and  then 
precipitated  with  ammonium  hydroxide.     The  precipitate  was  again 
dissolved  in  hydrochloric  acid  and  iron  precipitated  by  ammonium 
carbonate.    Manganese  and  aluminium  were  absent.    Zinc  was  precip- 
itated by  hydrogen  sulphide  after  treatment  of  the  sodium  hydroxide 
solution,  used  for  the  group  separation,  for  the  detection  of 
aluminium.    This  method  was  much  more  effective  in  separation  zinc 
from  iron  than  the  method  using  sodium  peroxide  was. 
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FOURTH  AND  FIFTH  GROUP  METALS. 
The  fourth  and  fifth  group  elements,  with  the  exception 
of  sodium,  were  entirely  absent  from  all  the  samples  as  was  shown 
by  precipitation  with  ammonium  carbonate  and  by  spectrum  tests, 

DETECTION  OF  GERMANIUM. 
Since  germanium  chloride  i'^e  Cl4)  is  volatile,  it  would 
have  escaped  detection  in  the  regular  procedure  used  for  the  analysis 

of  the  other  elements,  and  for  this  reason  a  special  method  was  used. 

26 

The  method  employed  was  a  modified  Buchanan  method.      About  a  60 
gram  sample  was  placed  in  an  Erlenmeyer  flask,  and  150  c.c.  concen- 
trated hydrochloric  acid  added.    This  flask  was  used  for  the 
distillation  flask,  and  was  connected  to  a  similar  one,  packed  in 
ice,  by  a  piece  of  small,  bent,  glass  tubing.    A  small  amount  of 
manganese  dioxide  was  added  to  the  solution,  and  thus  sufficient 
chlorine  was  generated  to  oxidize  any  arsenic  present.    The  acid 
solution  was  about  half  distilled,  and  the  distillate  redistilled, 
without  adding  either  hydrochloric  acid  or  manganese  dioxide,  in 
order  to  drive  out  part  of  the  chlorine  in  solution.    The  final 
distillate  was  diluted,  and  hydrogen  sulphide  passed  into  the 
solution.    A  white  precipitate  formed  but  consisted  of  sulphur  and 
not  germanium.     It  was  insoluble  in  water  since  it  did  not  precip- 
itate upon  adding  an  equal  volume  of  concentrated  hydrochloric  acid 
and  more  hydrogen  sulphide.    It  was  also  insoluble  in  alkali,  and 
germanium  sulphide  should  be  soluble  in  both  water  and  alkali. 
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QUANT ITAT IVE  ANALYS IS . 
EXAMINATION  OP  HEGELER  PROLONG  FOR  CADMIUM. 
A  10  gram  sample  of  Hegeler  prolong  zino  was  dissolved  in 
100  c.c.  dilute  hydrochloric  acid,  and  evaporated  to  20  c.c.  Then 
11  c.c.  of  concentrated  sulphuric  acid  were  added,  and  the  solution 
evaporated  until  white  fumes  evolved.    This  solution  was  diluted  to 
30  c.c.  and  25  c.c.  of  alcohol  added.    The  resulting  solution  was 
filtered  from  lead  sulphate,  coal,  and  other  insoluble  materials. 
The  alcohol  was  then  distilled  by  heating  on  a  steam  bath.  The 
residual  solution  was  partially  neutralized  with  ammonium  hydroxide, 
and  hydrogen  sulphide  passed  in  for  an  hour.    Then  more  ammonium 
hydroxide  was  added  until  a  white  precipitate  began  to  be  formed  by 
the  hydrogen  sulphide.    The  mixed  precipitate  of  zinc  and  cadmium 
sulphides  was  filtered  and  dissolved  in  hydrochloric  acid.  Sulphuric 
acid  was  added,  and  the  solution  again  evaporated  until  white  fumes 
were  evolved.    Water  and  hydrogen  sulphide  were  added,  and  the 
precipitate  filtered.    The  concentration  used  for  this  precipitation 
was  4  c.c.  concentrated  sulphuric  acid  in  100  c.c.  water.  The 
precipitate  was  dissolved  in  hydrochloric  acid  and  partially  evap- 
orated, poured  into  a  small,  weighed,  porcelain  crucible,  and  5  c.c. 
sulphuric  acid  added.    After  evaporation  of  the  sulphuric  acid,  the 
crucible  was  again  weighed .    Several   samples  showed  considerable 
variation,  but  the  average  ran  from  1.88$  to  2.02/£  of  cadmium  in 
the  sample. 
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SUMMARY. 

1.  Seven  samples  of  flue  dusts,  residues,  and  ore  from  Joplin  and 

Wisconsin  ores  were  analyzed  for  selenium,  tellurium, 
germanium,  indium,  gallium,  and  cadmium.    With  the  one 
exception  of  cadmium,  none  of  these  elements  were  found 
in  the  samples  that  were  examined. 

2.  Cadmium  was  found  in  all  samples,  being  especially  rich  in  the 

Hegeler  prolong  zinc  from  Joplin  ore. 

3.  About  2%  of  cadmium  was  found  in  the  prolong  zinc  from  Joplin 

ore. 

4.  Lead,  iron,  arsenic,  and  zinc  were  found  in  practically  every 

sample.  Antimony  and  bismuth  were  found  present  in  small 
amounts  in  some  of  the  samples  from  Wisconsin  ore. 
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